Before beginning to analyse this question of price and value, it is desirable to have a model system, and for this MEDLARS (Medical Literature Analysis and Retrieval System) will serve very well. Even if it were not in the field of medicine, it exhibits necessary characteristics better than any other example. MEDLARS is a system for storing and retrieving the bibliographic records ofjournal articles. It covers about 200 000 articles a year, from about 2300 journals. It uses a more expensive input method than some other systems: the articles are analysed by trained indexers of graduate level, and are tagged with subject headings and qualifiers from a controlled vocabulary. Perhaps fifty indexers are employed, spread over eight countries, and further labour is required to control and develop the vocabulary and to keep the indexers' use of it reasonably consistent. The payoff from this effort is the ability to retrieve papers precisely, according to the concepts within them, while maintaining independence from the actual words of their authors.
The size of the system is the reason for its existence. It is instructive to stack on a table the 1953, 1963 and 1973 cumulative volumes of Index Medicus. They form a practical histogram illustrating the explosive growth of the literature in this period. Index Medicus is, of course, one of the two chief outputs of MEDLARS. It has monthly and cumulated annual issues, in which the titles of all the papers are listed under the subject headings, which are arranged alphabetically. On average, the title of each paper appears in about three places, under the headings which the indexers consider best to reflect its main theme. It is produced by a computer type-setting process: after the intellectual work of the indexers, all the menial tasks of sorting and arranging under headings, and even the numbering of the pages, is done by the computer. Index Medicus is printed and sold by the US Government Printing Office, and is purchased by about 250 libraries in the UK.
The other main product of MEDLARS is computer information retrieval, of which MEDLINE is the latest form. MEDLINE involves the storage of the bibliographic records on random-access disc store (of which very large amounts are required) on a large multi-access computer. Up to 25 subject headings are associated with each record, expressing the indexer's analysis in depth. A search program enables the records to be retrieved by means of the subject headings, and also by the authors' names and by the actual words in the titles. The current MEDLINE data base has more than half a million references, dating from 1972. It is possible to search back to 1964 in batch mode, off-line. The computer is connected to many telephone lines, and also to one or more data networks. These are networks of minicomputers connected by high-capacity telephone lines which, by sending messages in packets from one node to another, share the line resources economically between many users. Thus at the British Library Lending Division at Boston Spa, in Yorkshire, we can connect a typewriter terminal to the National Library of Medicine computer in Washington, and do experimental MEDLINE searches. The cost of the telephone connexion from Yorkshire to London, of the data network connexion from London to Washington, and of the computer time for doing the search, are each roughly one-third of the total operating cost.
Before comparing the costs of Index Medicus and MEDLINE, let us consider how they are used. In Index Medicus, the reader selects subject headings and looks them up one by one, scanning the titles listed under each, and copying out any which seem relevant. At a MEDLINE terminal, the searcher selects headings, assembles them into groups connected by logical 'or', coordinates the groups with logical 'and', and thus forms a 'search statement'. The computer reports how many references in the data base satisfy this statement, and the searcher can command a sample of, say, the first five. These are printed out at the terminal, at once, about as fast as the eye can follow the printing. If necessary, the search statement can then be modified and more samples taken. A final bibliography, if more than about 25 references are needed, is printed off-line by the computer, and sent by post.
Suppose, for example, that we approach either system with a query about the behavioural effects of hallucinogenic drugs. There are perhaps a dozen names of such drugs in the vocabulary, and possibly forty or fifty terms to do with behaviour, under which we might expect to find relevant papers. If we use Index Medicus, we have to scan all the titles, under all of these headings, in each volume in turn. If we use MEDLINE, our search statement may retrieve perhaps a few hundred titles in which the indexer has used both a hallucinogen term and a behaviour term, from our chosen sets. At this point we can display some, or we might, for example, narrow the search by specifying that 'adolescence' should be present as well. This cannot be done in Index Medicus, except by scanning titles under the hallucinogen or behaviour headings while looking for the words 'adolescence', 'adolescent', 'young people' &c. (assuming that the author has included the concept in his title at all).
The final product from MEDLINE is a short list of references from which to select papers worth reading in full. MEDLINE has some obvious advantages. On the other hand, Index Medicus is always available throughout the opening hours of the library, it is mechanically reliable, and it is a book, familiar and easy to use. It is true that MEDLINE is available almost every hour of the working day in the USA, but we are far from being able to afford this in the UK yet. A second disadvantage of MEDLINE stems from the fact that telephone lines and computers are inevitably less reliable than printed books. In statistical terms they break down rarely, but when they do it is very frustrating, and therefore memorable, and influences the public opinion of the service.
Finally, use of MEDLINE involves certain extra skills and knowledge. Not only is a rudimentary ability to type required, but one needs to know the necessary telephone numbers and passwords to make the connexion. Then, when the connexion is made, there is a command language to learn. Unfortunately, too, no two of the major on-liqe retrieval services have the same language. For example, in MEDLINE the cbmmand 'Print' causes references to be listed on the typewriter terminal, at once. Under the Lockheed system, the equivalent command is 'Type'; 'Print' has the records printed off-line and sent by post. However, in spite of these disadvantages, MEDLINE has three advantages; coordination of terms; depth indexing; and the greater informativeness and conciseness of the printout. They make it a very useful tool.
Comparative Costs
Research workers using Index Medicus in the library will behave as though it were free.
Librarians will know that it is not. The annual subscription cost, for a library taking both the monthly and annual parts, and adding a little for the clerical labour of maintaining the subscription, is nearly £200. This gives access to 200 000 records; hence the cost is about 0.1 pence per reference. Adding full overheads might more than double the cost, but it remains impressively small.
Suppose, however, that we try to write off this capital investment over a reasonable working life. There is some evidence that the use of scientific literature decays exponentially with age, like radioactivity, and it has been found that the 'half-life' for medical literature is about five years (Line & Sandison 1974) . Let us, therefore, write off the capital cost of Index Medicus over five years, and let us suppose that on average five useful references are retrieved from it every working day. That is 6250 useful references, and the cost per reference is now 3.2 pence. Note that this cost is inversely proportional to the use, and that therefore, in a library where only one useful reference per volume per working day was being found, the cost would go up to 16 pence per reference.
Note also, however, that there are no running costs with Index Medicus.
With MEDLINE, there is both a capital and a running cost, but they are much more complicated to work out, because they involve a cooperative arrangement between the UK MEDLARS Centre and the United States National Library of Medicine, whereas Index Medicus has a straightforward subscription price in dollars. However, let us use some rough figures for the present 'batch' MEDLARS process, on the supposition that we would change over to MEDLINE at least as soon as the latter became cheaper. The figures quoted below are very approximate, but will serve to give a comparison with Index Medicus. The capital cost of-importing the MEDLARS data base is met by indexing the British medical literature. Add to this the computer cost of converting the tapes and setting up a search file on disc, and a minimum annual capital cost of £25 000 is needed.
Supposing that we process 1000 retrospective searches per year, finding on average 100 references, of which 30%Y. are useful; add to this 150 monthly SDI (selective dissemination of information) searches, finding 500 references per year, of which 20% are useful; that is about 45 000 useful references per year, and the capital cost per reference is about 55 pence. These figures represent our current workload with the batch process. Plainly, we need to treble them if we are to bring the capital cost per useful reference retrieved down to roughly the same as that of Index Medicus in a library which is not very heavily used, and perhaps multiply the use by twenty to make the cost comparable to that of Index Medicus in a very busy library.
With MEDLARS, however, there is also a running cost. The major components of this are computer time and, in the case of MEDLINE, telecommunication charges. On the basis of our present workload, a running cost for the 'batch' process of the order of 33 pence per useful reference might be a good guess (perhaps a little less for MEDLINE). One could expect some economies if the scale of operations were increased, but of course the operating cost per reference does not fall in inverse proportion to the workload, as the capital write-off does. In practice, the institutions which support the libraries which buy Index Medicus pay the capital cost, and its use involves no direct price to the user. As for MEDLARS, thus far the British Library (and its institutional forebears) has paid the capital cost, and set a price on the service which was aimed to cover the operating costs.
The observed behaviour of users in this situation has been interesting. From its inception in 1966, the medical library profession and the users themselves have shown great interest. There has been a continuous demand for places on MEDLARS training courses. The spread of use took a noticeably epidemic form in the early days. Then, when charges were introduced, use fell to 30% of the previous level, and it has scarcely -risen since. Furthermore, the demand can vary widely from one institution to another that would seem to be very similar. One can offer three hypotheses to explain this fall in use: either sales resistance to the idea of priced information, or administrative inability to find the funds, or a rational judgment that it is not worth the price, when compared to the cost of Index Medicus or other alternative sources of information.
At this stage it is necessary to interject two points about the usefulness of references, and the value of human time. In our early evaluation study of MEDLARS (Harley 1968 ), we were faced with the need to define 'usefulness'.We ended up with five categories, of which the top two were (1) those references the reading of which caused the user actually to change his research programme in some way, and (2) those references which were of sufficient importance to quote in writing up the work. In other words, these contain information which contributes to the creative process of work. We must also consider the cost of human time. A MEDLINE search might require 20 minutes at the terminal, and perhaps another 20 minutes scanning the off-line print when it comes. This must be compared to the likelihood of spending several hours in the library to achieve the same result 'by hand' with Index Medicus, assuming that an equivalent search can be done at all.
The Civil Service Department compiles a Ready Reckoner for staff costs, giving hourly, daily and annual rates for most grades in the Civil Service. This is very useful for calculating the cost of a team of clerks doing driving licences, or even a team of graduates indexing medical literature. It is obvious, however, that the more creative the work being done, the more variable the value of any particular minute. Nevertheless, it is valid to compare the costs in user's time of two alternative routes to the same information. The price of a MEDLINE search can in principle be balanced against the extra time needed to achieve the same results by hand, plus some allowance for the technical advantages of MEDLINE discussed above.
Returning now to McMullen's analogy that information is like insurance: he goes on to say that we have a kind of collective opinion of the value of insurance, a statistical consensus on the relationship between the premium and the sum insured in relationship to the probability of the particular disaster. Such valuations obviously vary between societies, classes and groups, as well as varying widely between individuals. Society may take some regulatory action, for example by making motor insurance compulsory. Perhaps it should be compulsory to have a MEDLARS search before submitting an MD thesis.
However, information seeking is an activity with more dimensions than insurance. The latter is a question of cost versus payoff, on what might be thought of as a linear scale. Information, how-. ever, is only one of the inputs to the creative process, and information gathering has to compete with other forms of communication, and with experimental observation, as activities to which the individual attaches value. In view of this potentially very wide range of possibilities for attaching value to information gathering, and the very recent appearance of any serious educational effort about it, it is hardly surprising that there should be such a varied demand for services, from one potential user group to another.
A careful distinction has been made between the perceived value of information gathering, and the value of information itself. Plainly the creative use of information has value. So far I have found nothing to refute the hypothesis that information itself has no value. For example, one might suppose that if information did have value, different papers would have different values, which could be measured by some test. We could then, in principle, rank the papers in the MEDLARS system in order of value, and perhaps discard half of them, thereby making the more valuable ones cheaper to retrieve. From my own experience, I do not expect such a test to be devised.
As individuals we are sometimes information ants, methodically storing away crumbs of information against future need, and sometimes information grasshoppers, hopefully pointing our antennl in directions from which useful information may come. Value is in the action, not in the substance. However, even though the creative use of information is a highly individual matter, it is part of the social function of science to observe itself, and perhaps act on the observations. There would seem to be an ample field of study available for this Section of the Society to work on.
